Background. Prior study suggests that p53 status behaves as an independent marker of prognosis in African American (AA) women with breast cancer. We investigate whether the influence of p53 is unique to AAs or is present in other race/ethnic groups, and how this compares with known prognostic factors. There was a differential effect of race within p53 groups (P = 0.05) and in multivariate modeling p53-positive status remained an adverse prognostic factor in AAs only [HR 1.82; 95% CI 1.04-3.17]. Compared to non-AAs, 5-year unadjusted survival was worse for AAs overall (73.4% vs. 63.6%; P = 0.032), and also for AAs with p53-positive status (80.3% vs. 54.2%; P = 0.016), but not for AAs with p53-negative disease (68.4% vs. 67.9%; P = 0.81).
P = 0.032), and also for AAs with p53-positive status (80.3% vs. 54.2%; P = 0.016), but not for AAs with p53-negative disease (68.4% vs. 67.9%; P = 0.81).
Conclusions. Among women with breast cancer of different race/ethnicity, an adverse prognostic effect as a result of p53 positivity was only observed in AA women.
In a prior report, we demonstrated that abnormal p53 immunohistochemical expression (IHC; with Pab 1801 antibody) or p53-positive (?) status, was associated with more aggressive tumor features, including high tumor grade of differentiation (grade), estrogen and progesterone receptor (ER/PR) negative (-) status, and basal subtype [i.e., ER-, PR-, HER2-, and cytokeratin (CK)5/6? and/or HER1? status]. It also behaved as an independent marker of poor prognosis in African American (AA) women of lower socioeconomic status (SES) with breast cancer. 1 It remains unclear, however, whether the prognostic influence of p53 status is unique to AA women or is present in other race/ethnic groups (non-AAs), and how this relates to other factors thought to influence prognosis.
A cohort of women of different race/ethnicity and of lower SES, similarly treated for breast cancer at a public hospital, offers the opportunity to further explore the relationship between tumor biology and race while conditioning on a common socioeconomic environment. Hence, the rationale for this study is to evaluate and compare the influence and role of p53 status as a marker of prognosis and survival among AA and non-AA women of lower SES with breast cancer, accounting for the important influences of ER/other tumor characteristics among AA and non-AA women, (2) to determine the prognostic value of p53 status within both subgroups, and (3) to compare between groups, the value of p53 status as a prognostic marker in relation to the inclusion of other commonly used prognostic factors.
MATERIALS AND METHODS

Selection and Description of Participants
The study sample is a historical cohort of 534 consecutively enrolled women with primary breast cancer aged 24-94 years; it represents the major race/ethnic groups presenting for diagnosis and treatment. A total of 331 patients were AA, and 203 were non-AA consisting of 115 Hispanic and 88 non-Hispanic white women. All were treated and followed at a large urban public hospital providing care to the medically uninsured in metropolitan Chicago between 01 Jan 2000 and 31 Dec 2005, and were patients of physicians participating in the National Cancer Institute supported Minority-Based Community Clinical Oncology Program (MBCCOP).
Technical Information
Newly diagnosed cases were reviewed at multidisciplinary conference and proceedings were recorded for management. 2 After approval by the local institutional review board (protocols 04-02 and 103-03), data were collected from available conference/medical records, including: demographics; medical history; social/family history; risk factors; clinicopathologic factors, including age, race, body mass index (BMI), tumor size, lymph node status, American Joint Committee on Cancer (AJCC) stage/ tumor, node, metastasis (TNM) classification, tumor grade, ER/PR and HER2 status; type of treatment (surgery, radiation, chemo/endocrine therapy); and follow-up on breast carcinoma related recurrence and mortality. Women were recorded as having received chemo/endocrine therapy if they received any type of chemo/endocrine therapy. Race was determined by self-identification at initial patient visit and abstracted from medical records. Comorbid disease was defined as any history of diabetes, hypertension or cardiac disease. U.S. 2000 census ZIP Code Tabulation Area (ZCTA) data matched to patient address zip codes at diagnosis was used to develop surrogate markers for SES. These included poverty and education status (the reference point for ZCTA based poverty status was taken as less than or equal to a U.S. poverty mean of 9.2%, on the basis of national census data for the number of families living below the poverty level threshold in 1999). 3, 4 Histologic subtype was determined according to World Health Organization classification. 5, 6 Stage was defined by integrating data on tumor size, node status, and distant metastasis into the AJCC staging system that was in place at the time of ascertainment. 7, 8 Representative tumor blocks were selected for independent reference laboratory IHC for ER, PR and HER2 status. Hormone receptor status was defined as combined ER/PR status, and regarded as positive when either was positive (i.e., [5% nuclear staining). IHC score of 3? was regarded as positive for HER2 overexpression, and specimens with scores of 1? and 2? had further assay with fluorescence in situ hybridization.
9 CK 5/6 and HER1 IHC assays were performed in house as previously described. 10 Pab 1801 is a mouse monoclonal antibody against amino acids 32-79 near the N-terminus of human p53, and was used in IHC at dilution of 1:600.
11 p53 status was scored on the Allred 0-8 system, with a score of C2 reported as positive (i.e., nuclear immunostaining score for accumulation of nonfunctional p53 protein). 12 
Statistical Methods
First, associations between p53 status and other patient/ disease characteristics were examined. For continuous variables, the t-test was used to compare means. For categorical variables, the chi-square test of association was used to examine the significance of relationships [odds ratios (ORs) and 95% confidence intervals (CIs)]. Second, survival function estimates by race for groups with specific tumor marker status were generated using the KaplanMeier method with death from any cause considered an event, and were compared using the log rank test. 13 Third, the Cox proportional hazards regression model was used to estimate hazard ratios (HRs) with 95% CIs for prognostic factors, first singly and then in multivariate models, with redundant factors being excluded from final models. 13 Analyses were conducted using Stata statistical software, version 10 (StataCorp, College Station, TX), and all tests were two-sided.
Further details on construction and adjustment of multivariate models were as follows: age, comorbid disease, and BMI were included, particularly as AA women were more likely to be older, and have comorbid disease and higher BMI. In addition, chemo/endocrine therapy was included as adjustment for systemic treatment. As poverty and education status factors were developed from the same ZCTA data source, these factors were considered to have overlapping information, and either factor was included, but not both. Likewise for hormone receptor negative types, because TN and basal type definitions incorporate ER/PR-negative status, these three factors were included in models individually (and as TN and basal types also include HER2 status, the same consideration applied). Hence, three final fully adjusted multivariate models are reported on the basis of factors currently thought to influence prognosis: model 1 includes TN status but excludes individual ER/PR and HER2 status, and also basal type; model 2 includes individual ER/PR and HER2 status but excludes TN and basal types; and model 3 includes basal type but excludes TN status and individual ER/PR and HER2 status.
RESULTS
Baseline characteristics by race are provided in Table 1 There also was no difference between groups with respect to chemotherapy use among women aged\50 years; however, AAs aged C50 years were significantly less likely to have received chemotherapy (OR 0.52; 95% CI 0.31-0.87), most likely as a result of greater comorbid disease. While the majority of cases with poverty status at or below the U.S. 1999 national census mean were non-AA, the majority of cases with poverty status worse/above the national census mean were AA (i.e., cases originated from ZCTAs where more families lived below the national poverty threshold when compared to the U.S. census mean). Further, all cases with poverty status worse than 300% above the U.S. census mean were AA (Fig. 1) .
For AAs, as expected: p53? tumors were statistically significantly more likely to be (1) For the cohort as a whole, median follow-up time from diagnosis is 60.4 months. Overall, AA race was associated with statistically significantly greater mortality hazard [(AA/non-AA) HR 1.45; 95% CI 1.03-2.05], and 5-year unadjusted survival (Fig. 2a ) was 63.6 and 73.4% for AAs and non-AAs, respectively (P = 0.033). The influence of specific tumor markers on unadjusted survival according to race was further examined (Fig. 2b-i ) and it should be noted that overall AAs had relative mortality excesses of approximately 30-50% for all these factors, but outcomes in early follow-up years were similar and these differences did not achieve statistical significance. Specifically, for women with ER/PR? tumors [(AA/non-AA) HR 1.42; 95% CI 0.86-2.36], and 5-year survival (Fig. 2b) Because of evidence of a differential influence of race on survival by p53 status, subsequent modeling proceeded separately for AA and non-AA women. Univariate and multivariate Cox models for all-cause mortality by race are provided in Table 2 17 ] were found to be independent predictors of survival. For non-AAs using this model, neither age (P = 0.825), grade (P = 0.596), TN type (P = 0.430) nor p53 status (P = 0.431) were found to be independent predictors of survival. However, as expected, higher stage 
DISCUSSION
Our findings demonstrate that among a cohort of women of different race/ethnicity (AA vs. non-AA) and lower SES, consecutively and similarly treated for breast cancer at a single institution, the negative prognostic influence of p53? disease was confined to AA women. Five-year unadjusted survival estimates for women with p53-negative disease were similar for AAs and non-AAs (67.9% vs. 68.4%, respectively; Fig. 2h) ; however, for women with p53? disease, these estimates were far worse for AAs, with a 26.1% absolute decrease in 5-year survival (54.2% vs. 80.3%; Fig. 2i ). In addition, survival models adjusting for other covariates confirm a differential adverse prognostic effect of p53 (test for race/ethnicity by p53 interaction, P = 0.05), as also illustrated by Kaplan-Meier survival estimates according to p53 status for AA (P = 0.015) and non-AA women (P = 0.443) shown in Fig. 3 .
For both AA and non-AA women with p53? tumors, similar rates of immunoreactivity (28.1 and 29.7% respectively) and trends of association were observed, and these tumors tended to be of high grade, and of ER/PRnegative, TN, and basal subtype. A recent report by Baker et al. utilizing microarray gene-chip assay for p53 mutations in women with breast cancer has also described similar trends.
14 Further, although our non-AA cohort has a small size, no difference in p53 immunoreactivity was found between the three individual races that constitute our cohort (chi-square test, P = 0.373), and when analyzed as separate subsets, neither Hispanics nor non-Hispanic whites with p53? disease were found to have worse survival (log rank test, P = 0.142 and P = 0.519 respectively). A prior large study which evaluated p53 immunoreactivity in 1016 AA, 777 Hispanic and 4885 white women with breast cancer, also utilized the Pab 1801 antibody which is used in the current study, and demonstrated similar rates of prevalence in all 3 subsets (i.e., 45, 46 and 49% respectively). 11 However, this study also used a second antibody, Pab 240, which could account for the difference in observed p53 IHC prevalence when compared to the current study. Jones et al. performed a smaller IHC study using the DO7 antibody and reported p53 prevalence of 25 and 7% respectively in 145 AA and 177 white women with breast cancer. 15 However, these results are inconsistent with our prior experience with this antibody, where we reported IHC prevalence of 37 and 32% in 81 AA and 32 non-AA women, respectively. 16 In addition, Morris et al. reported p53 IHC prevalence of 19.4 and 13.1% respectively in 55 AA and 255 white women in another breast cancer study; however, the authors did not specify which antibody clone was used. 17 Hence, reported p53 IHC prevalence (using a variety of antibody clones) has a wide range in the context of studies among women with breast cancer of different race/ethnicity: for AAs, approximately 19-45%, whereas for non-AAs (i.e., Hispanics and non-Hispanic whites), about 7-49%. Lai et al. reported on 64 white Hispanic and 167 white non-Hispanic women using PCR amplification of exons 5-8 for p53 mutation analysis and found that the gene mutation rate was far lower in white Hispanics than in white non-Hispanics (51.6% vs. 70.7%, P = 0.01); however, analyses of mutation type, location, and multiplicity also failed to show statistically significant differences between the two groups. 18 We acknowledge that there are substantial methodological differences between these reports and the current study regarding p53 assay (including that Hispanic women in the current study did not provide information on subethnicity); however, prevalence rates in the current report (28.6% overall) appear to be similar to a more recent report in 246 white women with breast cancer, where mutations were identified in 26% of tumors overall. 14 Importantly, although this latter study by Baker et al. was not an investigation of prevalence among women of different race/ethnicity and was performed in the U.K., a p53 microarray gene chip was used to comprehensively probe exons 2-11, and the mutation prevalence is lower than reported above by Lai et al.
Because other well-known prognostic markers are already in use, we sought to determine the significance and context for appropriate clinical application of p53 status as a tumor marker among our cohort. 1, [19] [20] [21] [22] Hence, we examined survival estimates by race/ethnicity for several biologic marker types currently in common use based on a combination of ER, PR and HER2 markers, including ER/ PR positive and negative, non-TN and TN, and luminal A/B and basal types. Survival estimates were marginally worse for AA women irrespective of the aforementioned types, suggesting that risk associated with these types is not race specific. Further, the observed statistically significantly greater age, higher BMI, and increased comorbidity at diagnosis in AA women were factors that would be expected to contribute to lower survival estimates. In addition, several multivariate models were created to include these biologic markers and adjust for relevant factors including systemic treatment, and consistently, p53
status performed as a marker of independent prognosis in AA women with HRs ranging between 1.82 and 1.98, with all P values \0.05 (Table 2 ). However, p53 status was not found to predict prognosis in non-AA women in any model. In addition, it is also important to note that neither TN nor basal type performed as an independent prognostic marker in any multivariate model for AA women which included p53 status. The relationship between race, tumor biology, and SES is complex and a conceptual framework is outlined in Fig. 4 . 23, 24 Baker et al. suggest that p53 mutation in breast cancer may be associated with socioeconomic deprivation and may provide a molecular basis for understanding poorer outcome in women from impoverished communities.
14 In the United States, lower SES is more common among minorities including AA and Hispanic women. 3, 25 Further, compared to the luminal A type, the more aggressive basal type has been reported to be more prevalent among premenopausal AA women and more often is associated with TP53 mutations. 1, 21, 26, 27 The TN phenotype, which is considered a less accurate clinical proxy for basal type (i.e., approximately 80-90% are basal-like type), has also been reported to be more prevalent among AA and Hispanic women and may be associated with lower SES. 21, [28] [29] [30] In the report from Baker et al., p53 mutations were found to be most common (10/17 or 58.8%) in white women within the lowest decile of the poverty index and these women had far worse overall survival; however, neither p53 nor TN status were independent markers of poorer prognosis in Cox multivariate models, and this latter finding is largely consistent with results in non-AA women in the current study. 14 Importantly, unlike Baker et al., we found that women with poverty and education status worse than the U.S. national census means, did not have higher likelihood of having p53? status (respectively, OR 1.02; 95% CI 0.61-1.70 and OR 1.24; 95% CI 0.68-2.27). Possible explanations for the observed difference between studies include dissimilar methods for p53 assay (microarray gene chip vs. IHC) and measures of SES (Carstairs index vs. ZCTA data), and also probable unknown factors. 31 Furthermore, unlike Baker et al., we chose not to perform analysis at the extremes of our measures for SES because we found important differences between AA and non-AA women in our sample (i.e., all cases from ZCTAs where poverty status was greater than 300% above the U.S. poverty mean were AA; Fig. 2 ).
Hence, although the majority of the women in our cohort are regarded as being of lower SES (i.e., only 12.1% AAs and 36.5% non-AAs came from ZCTAs where the poverty status was less than or equal to the U.S. poverty mean), and for women with p53? disease, AA women were significantly more likely to be in the lowest SES groups [i.e., ([300%/BU.S. poverty mean) OR 8.89; 95% CI 2.11-36.52; P = 0.002], we are unable to conclude that p53 abnormalities in breast cancer were specifically associated with lower SES.
There are several limitations to our study. First, we recognize our relatively small sample size and a median follow-up of only 60 months. Second, false positive and negative results are common when using IHC, which is reported to be approximately 85% accurate for predicting TP53 status. 32 However, p53 gene alterations, whether assayed by molecular methods or IHC, have been associated with poorer outcome among patients with breast cancer and resistance to systemic therapy. [33] [34] [35] [36] [37] In addition, we did not perform p53 mutation analysis in the current study and are therefore unable to enumerate the specific types of mutations in women in our sample. We previously reported on a subset of 48 AA women (included in the current study) who had fresh frozen tissue available, on which sequencing of exons 2-11 was performed for evaluation of p53 mutations, and found that transversions were more common, and that non-CpG G:C to A:T and A:T to G:C transitions demonstrated similar frequency. 38 However, other reports detailing mutations in these women have suggested variable results. [39] [40] [41] Although when these reports are considered together, they suggest that important race differences may exist regarding p53 mutations, and also that increased mortality among a subgroup of AA women may contribute to the enigma of race-based survival disparity, further study detailing types of mutations involved is needed. 1 Third, data on specific treatment regimens were unavailable, and important qualitative differences might exist; however, use of standardized protocols reduced the likelihood that treatment variations would confound results, and women treated by practitioners other than MBCCOP physicians were excluded. And although compliance with recommended treatment was not specifically measured, a standard compliance protocol for adherence to treatment and follow-up was in place as a component of MBCCOP quality assurance. Further, Cox models included covariates to adjust for the effects of systemic treatment. Fourth, our cohort included some women with stage IV and clinically important comorbid disease who did not have surgery. However, further analysis excluding women who did not have surgery did not alter our results. Fifth, we also acknowledge that use of ZCTA-based SES surrogates are more likely to represent cross-sectional SES at the point of diagnosis, rather than actual SES. We conclude that among women of different race/ethnicity with breast cancer, the negative prognostic influence of p53 status was confined to AA women, and a differential adverse prognostic effect was evident for AA women with p53? disease. Further, in multivariate models, p53 status consistently performed as a marker of independent prognosis in AAs, while other commonly used biologic markers on the basis of ER/PR-negative subtype, did not. Our findings thus support the targeted inclusion of p53 status as a tumor marker when characterizing potential prognosis in this patient subgroup, and also further research on factors which predispose development of TP53 mutations in breast cancer and characterization of specific mutations involved.
